A comparative analysis of the main types of power equipment and transmissions of drives for running equipment for quarry vehicles was performed. The interrelations of the constructive schemes of drives of running equipment with traction class and carrying capacity of quarry vehicles are shown. Dependence of diesel engine power on air temperature and atmospheric pressure is revealed. An analysis of design schemes of transmissions of running equipment is given. Based on the evaluation of the design schemes, the directions for improving the drives of running equipment for quarry vehicles are given. As a result of the analysis of various types of drives and power equipment, it was revealed that when assembling the base machine, an individual approach should be applied.
Introduction
The development of an open method for the development of mineral deposits is accompanied by an increase in the scale of production and volumes of transportation of rock mass, an increase in the depth of quarries, an increase in the share of semi-rocky and rocky rocks, and the complication of mining technical conditions for mining equipment.
The manifestation of negative trends in the mining sectors of the economy causes the growth of material and energy costs in the extraction of minerals, and the specific weight of the costs of transporting the mountain mass increases at an accelerating rate. Currently, the share of "transportation" costs reaches 50-60%, and at a depth of the quarry 250 m and more -65-70%.
In connection with the current situation, the problem of increasing the efficiency of mining equipment operation due to the creation of new technical level machines with reduced material and energy consumption and environmentally friendly is becoming particularly topical.
Purpose and objectives of the study
The purpose of the research is to increase the efficiency of functioning of a career motor transport.
Objectives of the study: -Analysis of design schemes and technical solutions for driving equipment for quarry vehicles;
-identification of trends in the development of structural schemes of structural elements of drives; -justification of directions for improvement of drives for running equipment for quarry vehicles.
Solving research problems
The object of the research is the constructive schemes of the drives of running equipment for quarry vehicles.
The subject of the study is the establishment of interrelations between the constructive scheme of drive of running equipment and traction class (load-carrying capacity) of career vehicles.
Methods of research -analysis of the results of scientific research on drives of road vehicles, analysis of inventions and utility models devoted to running equipment for quarry transport ( Figure 1 ). In modern quarry dump trucks, primary diesel engines are mainly diesel engines, as well as gas turbine engines [1] [2] [3] [4] [5] . In addition, combined power equipment is being developed, for example, diesel-trolleys.
To increase the power of the diesel engine with the same dimensions and number of cylinders, a boost is used, i.e. Air supply to the cylinders under pressure created by a centrifugal compressor. At the same time, the power of the diesel increases by 40-50%, and the specific fuel consumption is reduced by 10-20%.
The power of the diesel depends on the air temperature and atmospheric pressure, since the latter affect the temperature of the coolant, the viscosity of the fuel and lubricating oils. Therefore, the power under given atmospheric conditions [6] 
where NH -is the rated power of the diesel engine under standard conditions, kW (standard temperature is Т0 = 288,5 К and barometric pressure р0 -101,5 kPa); р и Т -are, respectively, barometric pressure, kPa, and air temperature, K, for specific conditions. Thus, the power generated by the diesel engine decreases with increasing temperature (due to the increase in the coolant temperature) and with a decrease in pressure (due to insufficient charging of the cylinders with air and deterioration of cooling).
So when the temperature rises from -15 to +45 ° C, power is reduced by 7-9%, and when operating a dumper in a mountainous area, a 6% decrease in power occurs at a difference of 1000 m.
At present, a new family of M-150 and DM-185 engines has been developed by the Zvezda NPK manufacturing enterprise, commissioned by the Ministry of Industry and Trade of the Russian Federation. In terms of their functionality, fuel efficiency and environmental friendliness, they surpass industrial diesel engines of foreign manufacturers, have significant potential, and their life cycle will be more than 25 years [6] .
The main features of the new engines are high specific power characteristics, low fuel consumption, compliance with EU requirements for emissions of harmful substances into the atmosphere.
Gas turbine engines (GTE) for heavy-duty trucks have high reliability, four times the resource, smaller size and weight than the corresponding diesel engines, are capable of operating on any type of fuel, have good starting qualities at low temperatures (down to -50 ° C ). At the same time, they are more expensive and have a significantly lower efficiency [6] .
Development and commissioning of electric transport is becoming an urgent task, especially in connection with the deepening of quarries. The use of diesel-trolley trucks allows to provide high speed of dump truck driving in trolley car mode, to shorten the time of cargo transportation and, ultimately, to reduce the number of dump trucks.
Analysis of structural schemes of transmissions of running equipment
In the drives of running equipment for quarry vehicles, hydromechanical and electromechanical transmissions are used.
Hydromechanical transmission is used at dump trucks with carrying capacity up to 200-250 tons. The main transmission units are a hydrotransformer and hydromechanical transmission. The torque converter provides automatic torque conversion of the engine depending on road resistance. Automatic hydromechanical transmission (Figure 2 ) allows you to select the optimal traction-speed mode of the dump truck movement, which facilitates the control of the vehicle and ensures traffic safety. The automatic transmission control system improves the performance characteristics of a career dump truck, increases the life and reliability by maintaining optimal operating conditions.
The transmission also includes a hydrodynamic retarder brake, which ensures the constant speed of the dump truck on descents without the use of wheel brakes, thereby increasing the safety of traffic in a complex road profile.
Electromechanical transmission is used for dump trucks of extra-large payload up to 450-500 tons. It consists of a generator of direct or alternating current and traction electric motors. The use of such a transmission allows individual drive of the wheels and the use of several axles as driving axles.
In dump trucks, the layout of the traction motor, the mechanical transmission (gear) and the brake mechanisms of the working and parking brake systems in the hub of the rear (driving) wheel, called "electric motor-wheel", is common. Sometimes some elements of the electromechanical system are partially removed from the wheel hub to improve cooling conditions, or fans are installed, for cooling in other situations, liquid cooling is done. You can also use brushless motors, which partly solves the issue of heat removal, but it becomes more complex and expensive management system.
Fig. 2.
Hydromechanical transfer of dump trucks of BelAZ 7555 series [7] .
One of the promising areas is a system that allows you to accumulate energy generated by the generator and subsequently give it to power equipment in the required quantities.
Electric transmission makes it possible to significantly simplify the kinematic scheme of a dump truck in comparison with a mechanical and hydromechanical transmission.
BelAZ-7549 dump trucks used the most constructively simple DC electric transmission consisting of a direct current generator (D), traction electric motors (EDT) of direct current and a control system. Regulation of the electric drive is carried out by changing the excitation current of the generator and the traction motors.
BelAZ-75710 dump trucks use a hybrid system with four Siemens electric motors that are powered by two MTU DD 16V4000 diesel generators, each of which produces 2330 horsepower. BelAZ 75710 traction characteristics are presented in figure 3 . When moving without load BelAZ 75710 uses one engine, both engines are used under load, which provides fuel economy when driving with an empty body.
Electromechanical transmission provides a mode of electrodynamic braking, in which the output circuit of the rectifier is connected to the excitation windings of traction motors. [7] BelAZ-7521, BelAE-7513 dump trucks are equipped with an alternating-direct-current transmission. In this case, DC traction motors are powered from a synchronous alternator via a common semiconductor rectifier set for them. In principle, it is possible to install individual rectifiers, which allow the machine to be maintained if one of them fails. Dump trucks BelAZ-7550, BelAZ-7560, BelAZ-7570 of heavy load capacity are provided with EMT of alternating current.
As a result of the analysis of different types of drives and power equipment, it is revealed that when assembling the base machine, it is necessary to apply an individual approach and take into account the following parameters: load capacity of the dumper, climatic conditions of operation, road conditions on the quarry (length and magnitude of the elevation, roadway quality) type of fuel under certain conditions.
